Nowadays, some European countries are facing the most complex process of land-use/landcover change -the urban sprawl, which in turn has a compound impact on the social and environmental structure of urban areas. This study intends to analyse urban sprawl in mainland Portugal through a comparison of urban land cover changes during the period of 1990-2006, using urban systems as spatial reference units. CORINE Land Cover maps were used to generate time series of urban land cover data. A methodology based on the interaction value was applied to identify the urban systems, using the commuting matrix supplied by the 2001 Census. Urban land cover change analyses, at the urban systems level, allowed for the identification of artificial areas spread patterns. Such spatial information is essential for rethinking new actions that may contribute to more efficient urban planning.
Introduction
Reflecting upon urbanization and urban growth leads one to consider that the evolution of any urban area generates changes in its spatial structure particularly in the land-use/land-cover organization. In this process of permanent change some countries are currently facing the phenomenon of urban sprawl. Urban sprawl, common in European cities, is often related to leapfrog discontinuous development, low residential density and dependence on private transport (Peiser, 2001; Batty, 2005) , promoting social-environment vulnerabilities, chaotic and random land-use patterns, significant unbalances between the city and its surroundings, and imposing a new look on the landscape (EEA, 2006) . According to the speed of its development, the urban sprawl still carries a lot of uncertainty regarding its future evolution.
In mainland Portugal, according to a report issued by the European Environmental Agency (2006) urban land cover has experienced a significant change over the last few decades. The report stresses the fact that the Portuguese urban growth trend -particularly residential, services, utilities and commercial areas -was achieved at the expense of agricultural areas and natural grassland. Owing to comparable CORINE Land Cover mapping (CLC), much progress has been made regarding the studies on urban change and urban sprawl analysis based on visual interpretation and remote sensing techniques (for example Freire and Caetano, 2005; EEA, 2006 and Freire et al., 2009) . Such spatial databases are essential for rethinking the of new actions that may contribute to more efficient urban planning.
Even though research on urban land-cover changes and urban sprawl may have quite different scopes depending on the scale analysis, this analysis however should be done based on a spatial delimitation of urban occupation. Many studies employ the administrative boundaries -such as municipalities-as their spatial reference unit, analysing and comparing them from different perspectives. Commonly, administrative boundaries at a local level, which are country specific, do not follow the true urban structure that articulates the territory, given the interdependencies that arise from commuting reasons, shopping, errands, and leisure, among others. Such details make the comparison between different urban realities more difficult to perform, particularly when different countries are being considered. In spite of these facts, there is no extensive research on the analysis of urban land-cover changes and urban sprawl using delimitations of urban systems based on more integrated approaches.
In this paper, we apply a methodology based on the interaction value to identify and delimitate the urban structure of mainland Portugal using the commuting matrix supplied by the 2001 Census, in order to analyse and subsequently compare equivalent areas throughout the country. The results show that the methodology of the interaction value, presented in other papers (Roca and Moix, 2005; following Coombes and Openshaw, 1982) using functional criteria, allows for the definition of different levels of territorial organization: local, metropolitan or regional, revealing that interactions produced by daily mobility -mainly required for workgenerate functionally autonomous systems, enabling us to identify authentic pieces of urban organization: urban systems 4 . On the other hand, the proposed approach increases the reliability of urban systems delimitation. Therefore, two CLC digital vector maps of the study area were selected for the years 1990 and 2006 and urban land-cover changes were analysed. 
Study area
According to the Nomenclature of Territorial Units for Statistics (NUTS), the study area, which includes mainland Portugal, is administratively divided into three broad levels: (i) the country corresponds to a NUTS 1 area, which is divided into (ii) seven NUTS 2 regions and (iii) 30 NUTS 3. As has stated "this division of the territory -created at the supranational level for statistical and administrative purposes -runs parallel to the national administrative areas which divide the same spatial surface into 18 districts (distritos), 308 municipalities (concelhos) and 4,260 local administrations (freguesias)" (Rodrigues et al., 2012: 568) .
Portuguese municipalities are characterized by their large extension, with 320 km 2 on average in mainland Portugal as opposed to freguesias, which cover only an average of 22 km². Figure 1 shows the local administrative divisions of mainland Portugal, consisting of 278 concelhos and 4,050 freguesias. 
Methodology

Input data
The purpose of this study is to analyse urban sprawl in mainland Portugal through a comparison of the urban land-cover changes during the period of 1990-2006 using urban systems as spatial reference units. The initial information required us to apply the methodology for urban systems delimitation based on the interaction value of the commuting matrix. In Portugal, the most recent commuting matrix is the 2001 Census
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. This matrix shows that displacements or mobility flows are seen at two levels: between municipalities, concelho of residence and concelho of work (Figure 3) , and also at a more disaggregated level, from the freguesia of residence to concelho of work. However, the proposed methodology relies on using the same origin and destination units to calculate the interaction value, because it is a symmetrical value that relates two equal units. Therefore, only the matrix of flows between municipalities -both at origin and destinationis appropriate to delimit the urban structure, although it would be desirable to start from a smaller territorial unit, such as freguesias, to actually detect the urban structure beyond municipal administrative boundaries. For the urban land-cover change and urban sprawl analyses, two CLC digital vector maps -CLC 1990 and CLC 2006-were used. The CLC vector maps have scale of 1:100,000, minimum mapping unit (MMU) of 25 ha and high thematic detail ensured by the nomenclature. It is important to mention that CLC databases contain tree levels of thematic detail, with 44 classes at the most detailed level. The validation procedure carried out for the CLC 1990 and 2006 maps has produced an overall accuracy of 82.84% and 90.2%, respectively, meaning that landuse/land-cover classes are well mapped. See Caetano et al. (2009) for more details about the methodology used for the production of the land-use/land-cover maps and their technical specifications.
All spatial information was georeferenced to the ERTS 89 PT-TM06 projection (one of the official projection systems for Portugal defined by the Portuguese Geographic Institute). The integration and spatial analysis of vector data were developed using ArcGIS 10 software (©ESRI, Environmental Systems Research Institute).
Delimitation of urban systems using the interaction value
The methodology for urban structure delimitation using the interaction value has been thoroughly explained in the literature. In sum, in order to calculate the interaction value (IV) from the matrix of flows between the place of residence and work we have used the following formulation:
Where: i and j are the places of origin and destination, respectively; Fij and Fji are the existing commuting flows (such as residence-to-work flows); REP is the resident employed population; and WP are the locally based workplaces. Therefore, the value of interaction between i and j is the same as between j and i.
The delimitation of urban systems is conducted in two stages:
1. Generation of the systems from the interaction value: in this first stage all the based entities join up in proto-systems by virtue of their maximum interaction value, so that those protosystems are closed only in the event that all entities have their maximum interaction value with another entity in the same proto-system and the set is physically contiguous, Proto-systems thus represent the basic pieces into which the territory is structured.
2. Consolidation of proto-systems in urban systems by self-containment and condition of contiguity: proto-systems are consolidated in urban systems in case self-containment (percentage of resident employed population, REP, who works in its own proto-system) equals or exceeds 50%, since it is our understanding that only urban systems that are capable of Figure 4 shows the urban systems resulting from applying the methodology of the interaction value. The 278 mainland concelhos are grouped into 79 consolidated urban systems with a very high rate of self-containment, except for those systems closer to the two major centres of employment: Lisbon and Porto ( Figure 5 ). The dimension of urban systems in terms of workplaces is quite varied. There are two systems with over 500,000 WP and, on the other hand, twelve with less than 10,000 WP; most systemsover 60%-have between 10,000 and 50,000 WP (see Table 2 and Figure 6 ).
Lisbon and Porto stand out as the main Portuguese urban systems, with over 1,000,000 and 604,240 WP, respectively, both composed of nine municipalities. Between 100,000 and 200,000 WP there are five systems headed by Coimbra, which incorporates the largest number of municipalities, eleven in all, and up to 100,000 WP is Almada, with the third lower rate of selfcontainment of all delimited systems given proximity of and dependence on Lisbon (only 57%). Table 3 show the urban systems with more than 50,000 WP. The methodology based on the interaction value has allowed us to identify the highly asymmetric development of the national urban systems, caused namely by (i) the level of deprivation in terms of the infrastructures needed for urban development (such as roads) especially in inland regions, and (ii) the relationship/interaction between municipalities and the regional economic dynamics, which relies heavily on the spatial location of resources necessary for its development. 
Urban land-cover change analysis and techniques
In order to quantify and examine spatial and temporal change of urban land-cover, CLC maps of the study area were reclassified and aggregated into two broad classes: artificial and nonartificial areas. Furthermore, we have applied a common GIS-based technique, widely used within vector GIS environment. This procedure was carried out by overlaying the reclassified maps to create a spatial-temporal difference map. The result of the overlay easily represents on a single map the urban land-cover change in the Portuguese urban systems in the years 1990 and 2006. In the end, the artificial area percentages and artificial area growth rates of the study area between 1990 and 2006 were computed for each Portuguese urban system.
Urban land-cover change and urban sprawl analysis
The derived urban land maps which show the urban land-cover pattern of the study area are shown in Figure 7 . The changes in urban land-cover during the study period can be observed in Figure 8 . Table 4 shows the artificial area percentages and artificial area growth rates in Portuguese urban systems between 1990 and 2006.
In Figure 8 and for the years under consideration, we can see that urban growth has occurred in almost every urban system. The difference between the more urbanized and concentrated urban growth and the sparse growth of urban land can clearly be seen. . With improvements in terms of urban infrastructures (such as the A24 motorway in northern Portugal and Vasco da Gama Bridge in Lisbon) some of the urban growth is emerging in urban systems near metropolitan areas.
However, the artificial area growth rates increases at different urban systems varied (see Figure  9 ). Figure 9 and Table 4 show that areas with higher annual growth rates are located in urban systems close to Lisbon and Porto metropolitan areas 8 (e.g. Paços de Ferreira, Felgueiras, Peso da Régua, Benavente, Montijo and Setúbal, with an annual growth rate of 6.6%, 5.45%, 4.47%, 5.68%, 2.10% and 3.84%, respectively). This means that the urban systems that have gained artificial areas at a greater rate are those that already were the largest Portuguese cities with continuous and compact artificial areas.
The analysis of Figure 8 also reveals higher levels of artificial areas and larger annual growth rates in urban systems located in the Algarve, in the south of Portugal (e.g. Vila Real de Santo António, Portimão, Albufeira and Lagos with an annual growth rate of 5.26%, 3.58%, 3.4% and 3%, respectively). Figure 7 indicates that urbanization in this region is proceeding rapidly, especially along a narrow coastal strip. According to the results of the change analysis in mainland Portugal during the period of study, we can characterize urban sprawl as follows:
-The metropolitan areas and the Algarve region have experienced an increase in artificial areas. The sparse artificial areas became dense, spreading away from the urban core. At the urban system-level analysis, we can see this urban sprawl pattern that results from both the metropolitan polarization and the phenomenon of coastal urbanization of the Algarve.
-The larger annual growth rates in artificial areas of the non-coastal urban systems suggest that urban land-cover change is proceeding more rapidly, resulting in a different pattern of artificial areas clusters. This is particularly so in urban systems close to metropolitan areas, such as Peso da Régua, Guimarães, Vila Real, Benavente and Montijo. -Although some coastal and inland urban systems (e.g. Santiago do Cacém, Ovar, Aveiro, Coimbra, Leiria, Moura, Beja and Mogadouro) presented low artificial area growth rates, the patterns of urban sprawl in these urban systems are quite distinct. On the one hand, the low annual growth rates of Santiago do Cacém, Moura, Beja and Mogadouro reflect: (i) their weak urban dynamics; and (ii) low urban density and discontinuous urban artificial areas. This is mainly due to natural constraints (such as the protected area called Costa Vicentina Natural Park located in Portugal's southwest coast) and the reduced attractiveness of inland urban systems. On the other hand, the coastal urban systems located between Ovar and Alcobaça (central Portugal) present a very scattered human occupation and a detached single-family housing pattern. It seems that this spatial pattern of urban sprawl could be better identified and evaluated at the micro level than at the urban system level and employing a smaller minimum mapping unit.
Conclusion
The analysis of urban sprawl in Portugal was based on urban systems spatial boundaries. This analysis has proven to be more adequate than the analysis based on administrative boundaries. We can state that this analysis is more adequate because it allowed us to associate urban sprawl with the influence of the existing urban systems, which are delimited based on the commuting matrix. In fact, the size and rhythm of urban sprawl are determined by both the functional criterion (work place polarization) and spatial interaction.
The spatio-temporal fractal analysis of the metropolitan area of Lisbon carried out by Encarnação et al. (2012) has identified five types of built-up areas: small and isolated built-up patches; dispersed built-up areas; metastatic growth; rapid growth and metastatic consolidation; consolidated compact areas. We believe that these five types can also be found in the metropolitan area of Porto with equivalent fractal dimensions. This means that Portugal has witnessed urban growth and sprawl patterns that are very dependent on the functional dynamics of its metropolitan areas. The same can be said about the coastal area of the Algarve. The remaining territory, structured by a network of medium and small cities, which bear no important structural influence, has observed an accentuated sprawl namely in the coastal area between the metropolitan area of Lisbon and the metropolitan area of Porto. This phenomenon is only seen on a macro scale in the data of the CLC maps for the years 1990 and 2006. Actually, in order to study this phenomenon with greater accuracy we need to use higherresolution spatial data, In fact, urban sprawl in Portugal between 1990 and 2006, based on the type of dispersed built-up areas, has reached levels that had never been seen before. This is such that the central power, through the Regional Land Use Plans (Planos Regionais de Ordenamento do Território -PROT), has revealed a certain concern which has been translated into measures aimed at controlling urban sprawl.
